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Abstract
Melasma, a commonly acquired hyperpigmentation skin condition, is usually treated with topical agents as
the first line of management. This systematic review and meta-analysis aimed to assess the efficacy and
safety of azelaic acid versus hydroquinone in treating melasma patients. We conducted a comprehensive
search across four online databases (PubMed, Scopus, Web of Science, and Cochrane Library) from the time
of their creation until May 28, 2023. We considered randomized controlled studies comparing hydroquinone
with azelaic acid for the treatment of melasma patients. We used the Cochrane Risk of Bias tool 2 to evaluate
the risk of bias. The mean difference (MD) for continuous variables and the risk ratio (RR) for categorical
variables, with a 95% confidence interval (CI) were pooled. Six studies were included, with a total of 673
patients with melasma. The azelaic acid had a lower mean change in melasma area severity index (MASI)
than the hydroquinone group [MD= -1.23, 95% CI (-2.05, -0.40), P=0.004]. No difference was observed
regarding the improvement via the objective response scale, the reduction in pigmentation, or the adverse
events reported. However, despite not being statistically significantly different, there was a trend towards
having more good responses in the azelaic acid group. Azelaic acid may be better than hydroquinone in
reducing melasma severity (measured by MASI). However, larger studies with long-term follow-up are
needed to validate these findings.
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Introduction And Background
Melasma, a commonly acquired hyperpigmentation skin condition, is characterized by the appearance of
brownish or greyish symmetrical patches on sun-exposed skin, most commonly on the face [1,2]. Women are
more likely to be affected than males, and individuals with darker complexions are disproportionately
affected [2,3]. Melasma, sometimes known as the "mask of pregnancy," is a common skin condition among
pregnant women and those on hormonal birth control [3]. However, it is not limited to women who are
pregnant or undergoing hormone replacement therapy as it can affect non-pregnant women, women who are
not taking hormone replacement therapy, and also men [1-4]. Melasma is mostly a cosmetic problem that
causes no physical pain or medical complications [5]. It may, however, have a substantial influence on a
person's quality of life, causing emotional anguish, self-consciousness, and low self-esteem [5-7]. The
visibility of pigmentation on the face may have an impact on social interactions and mental well-being [6].

The persistent and recurring nature of melasma presents substantial difficulties for patients and healthcare
practitioners. Melasma is treated with a multimodal strategy that includes photoprotection, topical
depigmenting treatments, chemical peels, laser therapy, and, in certain situations, oral drugs [8-11]. Sun
protection is a critical component of melasma care [9]. In addition, a novel approach, platelet-rich plasma,
which showed promising efficacy in certain conditions in the skin [12,13] and other systems [14,15] has been
investigated in treating melasma and showed a promising effect [16].

Melasma is commonly treated with topical agents as the first line of management [9,17]. Hydroquinone, a
depigmenting agent, has long been considered the gold standard due to its ability to inhibit melanin
production [18-20]. Azelaic acid is a dicarboxylic acid that occurs naturally in grains such as wheat, rye, and
barley. In treating melasma, it has multiple mechanisms of action [19,21]. Azelaic acid has been proven to
suppress tyrosinase activity, diminish the formation of aberrant melanocytes, and have anti-inflammatory
characteristics, making it an appealing alternative to melasma therapy [21-23].

Despite growing interest in azelaic acid and hydroquinone as melasma treatments, the comparative efficacy
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and safety of these medicines have not been comprehensively investigated. Some randomized controlled
trials (RCTs) showed that azelaic acid is better than hydroquinone in treating melasma [24-26]; however,
other studies showed the reverse [27,28]. Therefore, we carried out this systematic review and meta-analysis
to assess the efficacy and safety of azelaic acid in comparison with hydroquinone in treating melasma
patients.

Review
Methods
We reported our systematic review and meta-analysis in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) declaration standards [29]. A thorough adherence to the
Cochrane Handbook of Systematic Reviews and Meta-Analyses of Interventions was maintained throughout
all processes [30]. Also, this study was registered in the International Prospective Register of Systematic
Reviews (PROSPERO) database [ID: CRD42023433925].

Eligibility Criteria

Studies were considered for our assessment if they met the following requirements: (1) population - patients
with melasma, (2) intervention - azelaic acid, (3) comparator: hydroquinone, (4) outcome - efficacy and
safety outcomes. The efficacy outcomes included melasma area severity index (MASI), improvement via
objective response scale, and reduction in pigmentation. The safety outcomes included local irritation,
itching, and scaling.

Study Design

Controlled trials in which patients were randomly assigned to receive azelaic acid or hydroquinone. Both
blind and open-label trials were taken into consideration. Studies with unreliable data for extraction and
analysis, observational studies, those presented as theses or with abstracts only, studies for which complete
full-texts were not accessible, case reports, case series, and review articles were all excluded.

Information Sources and Search Strategy

We performed a comprehensive search of four electronic databases (PubMed, Scopus, Web of Science, and
Cochrane Central Register of Controlled Trials) from inception until May 28, 2023, using the following
search strategy: ('melasma' or 'chloasma' or 'facial pigmentation' or 'melanoses') and ('azelaic acid' or 'Azelex'
or 'Finacea' or 'skinoren' or 'monosodium azelate' or 'nonanedioic acid' or 'Dermaz 99' or 'Melazepam' or
'AzClear Action' or 'Azetec99' or 'Azepur99') and ('hydroquinone' or 'Quinol' or 'p-Dihydroxybenzenes' or
'para-Dihydroxybenzenes' or 'benzene-1,4-diol' or 'Melquin-3' or 'Solaquin' or 'Licoforte' or 'Fediquin' or
'Eldopaque' or 'Lustra'). Additionally, the listed papers' references were carefully checked for any other
research that may have qualified.

Selection Process

The duplicates were eliminated, and the references were checked in two steps. In the first stage, the titles
and abstracts of all recognized papers were checked independently by all authors to see if they were relevant
to this meta-analysis. In the second phase, the full-text versions of the determined abstracts were checked to
see if they were finally eligible for meta-analysis.

Data Collection Process, Data Items, and Risk of Bias

A standard data extraction sheet was used for data extraction. The data acquired included (1) characteristics
of the included studies (study ID, country, design, total sample size, study arms, and dose regimen), (2)
characteristics of the population of included studies [age (years), type of melasma, MASI, and previously
treated patients], (3) risk of bias domains, and (4) outcome measures (efficacy outcome: MASI, improvement
via objective response scale, and reduction in pigmentation; safety outcomes: local irritation, itching, and
scaling). We used the Cochrane assessment tool 2 (ROB2) for randomized controlled trials [31]. The risk of
bias assessment included the following domains: bias arising from the randomization process, bias due to
deviations from intended interventions, bias due to missing outcome data, bias in the measurement of the
outcome, bias in the selection of the reported result, and other biases. The authors' judgments are
categorized as 'low risk', 'high risk', or 'some concerns' of bias.

Effect Measures

In the present meta-analysis, we considered the following outcome measures:

1. MASI is used to assess the severity of melasma and the changes during the therapy: The MASI scoring
system takes into account four main parameters: the darkness (pigmentation intensity) of the melasma
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patches, the homogeneity (uniformity) of the pigmentation, the extent (area) of the affected skin, and the
location of the patches on the face. Each parameter is assigned a score based on its severity, and the scores
are then summed to obtain a total MASI score for an individual. Higher MASI scores indicate more severe
melasma, with a maximum score of 48. MASI is presented as mean and standard deviation, so the effect
measure in this study is presented as the mean difference (MD) between the two groups.

2. Improvement via objective response scale: This scale divides the patients according to the response rate
into four classes (excellent, good, fair, and poor). The number of patients in each category at the end of the
study was compared between the two groups (by event and total in each group).

3. Reduction in pigmentation: The pigmentary intensity of melasma was compared with the non-affected
parts of the skin of the face; then, the pigmentation of the melasma was rated on a five-point scale (1 = no
difference, 5 = intensely more pigmented). The reduction of the pigmentation was evaluated according to the
level of reduction (reduction by one level, reduction by two levels, and reduction by three levels or more).
The number of patients in each category at the end of the study was compared between the two groups (by
event and total in each group).

4. Adverse events (local irritation, itching, and scaling): The adverse events incidence was compared
between the two groups (by event and total in each group).

Synthesis Methods

The dichotomous data were reported as risk ratios (RR), while the continuous data were presented as mean
differences (MD) for the azelaic acid and hydroquinone groups. Review Manager 5 [(RevMan 5) (Computer
program) Version 5.4. Copenhagen: The Cochrane Collaboration, 2020] was used to conduct a DerSimonian
Liard meta-analysis [32] of the RR or MD and their associated 95% confidence intervals. P-values lower than
0.05 were regarded as statistically significant. We calculated the pooled effect size for each outcome using
the DerSimonian Liard meta-analysis approach [32]. This random effect model, which assumes that the
included studies represent a random sample from the population, provides considerably greater weight to
small studies compared to the expenditures of larger research. This model was chosen because, in opposition
to the fixed-effects model, it permits a bigger standard error in the pooled estimate, making it suitable in the
case of contradictory or disputed estimates. As a consequence, the impacts that our meta-analysis identified
are conservative estimates that take any inconsistencies into consideration. The Chi-square test (Cochrane
Q test) evaluated statistical heterogeneity among studies. Then, the chi-square statistic, Cochrane Q, was
used to calculate the I-squared according to the equation: I2= ( Q−df Q ) x100%. A chi-square P value less
than 0.1 was considered significant heterogeneity. I-square values ≥50% were indicative of high
heterogeneity. Since Egger and colleagues [33,34] claim that publishing bias evaluation is inaccurate for less
than 10 pooled studies, we were unable to determine the presence of publication bias in the current research
using Egger's test for funnel plot asymmetry.

Results
Literature Search Results

Our literature search strategy turned up a total of 293 documents after eliminating the duplicates. The
screening of the titles and abstracts of the papers resulted in the identification of sixteen articles that might
proceed to the full-text screening. Six of them have been included in the meta-analysis. No further papers
were included after manually searching the references of the listed studies. The PRISMA flow diagram of the
study selection process is shown in Figure 1.
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FIGURE 1: PRISMA flow chart for the selection process.
[24-28, 35]

Characteristics of the Included Studies

Thirteen studies were included in the meta-analysis [24-28,35], with a total of 673 patients with melasma. In
all studies, patients were assigned to receive either azelaic acid or hydroquinone. The majority of patients
were middle-aged females, and epidermal melasma was the most frequent type. Most of the included studies
used the drug once at night in addition to sunscreen. A summary of the characteristics of the included
studies is provided in Table 1, and the baseline characteristics of the population of the included studies are
presented in Table 2. Overall, the risk of bias was low in two studies, with some concerns in two studies, and
high in two studies, according to the Cochrane Risk of Bias tool 2, Figure 2. Four RCTs [25-28] were
evaluated as having some concerns in the randomization process domain because they did not provide any
information regarding the randomization and allocation concealment process. However, two RCTs [26,28]
were evaluated as having some concerns in deviation from the intended treatment domain because there is
no information on whether deviation from usual practice will affect the outcomes. 
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Study ID Country Design
Total
sample
size

Study arms
Dose regimen

Intervention Control

Alk [24] Egypt RCT n=50
Azelaic
acid 20%

Hydroquinone
4%

For 15 min daily before bedtime for three months, plus
oral tranexamic acid.

Bahadori et
al. [26]

Iran RCT n=44
Azelaic
acid 20%

Hydroquinone
4%

Once nightly, and throughout the day + a non-greasy
sunscreen with SPF 28 for 4 months.

Baliña et al.
[25]

Multi-
central

RCT n=329
Azelaic
acid 20%

Hydroquinone
4%

Twice daily + broad-spectrum sunscreen for 24 weeks.

Emad et al.
[28]

Iran RCT n=66
Azelaic
acid 20%

Hydroquinone
4%

Every night, azelaic acid to the left side and hydroquinone
to the right side + sunscreen with SPF 30 every 3 hours
for 20 weeks.

Farshi [35] Iran RCT n=29
Azelaic
acid 20%

Hydroquinone
4%

Twice daily + broad-spectrum sunscreen every 3 h for 8
weeks

Verallo-
Rowell et al.
[27]

Philippines RCT n=155
Azelaic
acid 20%

Hydroquinone
2%

Twice daily for 24 weeks + broad-spectrum sunscreen

TABLE 1: Summary of the included studies.
[24-28, 35]
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Study ID Group
Sample
size

Previously
treated

Age
(years)

Type of melasma Melasma Area Severity
Index (MASI)Epidermal Dermal Mixed

Alk [24]

Azelaic acid
20%

n=25 NR
36.56
(5.42)

9 (36%)
6
(24%)

10
(40%)

17.06 (1.51)

Hydroquinone
4%

n=25 NR
35.2
(4.51)

10 (40%)
7
(28%)

8 (32%) 17.77 (1.45)

Bahadori et al.
[26]

Azelaic acid
20%

n=23 NR NR NR NR NR 8.92 (1.02)

Hydroquinone
4%

n=21 NR NR NR NR NR 8.64 (0.83)

Baliña et al. [25]

Azelaic acid
20%

n=164 71 (43.3%)
 35 (18-
57)

122
(74.7%)

NR
41
(25.3%)

NR

Hydroquinone
4%

n=165 78 (47.3%)
 34(21-
41)

117
(71.2%)

NR
47
(28.2%)

NR

Emad et al. [28]

Azelaic acid
20%

n=33 NR
32.7
(6.4)

NR NR NR 7.88 (3.27)

Hydroquinone
4%

n=33 NR
32.7
(6.4)

NR NR NR 7.8 (3.36)

Farshi [35]

Azelaic acid
20%

n=14 NR
34.6
(6.6)

14
(100%)

0 (0%) 0 (0%) 7.6 3.5)

Hydroquinone
4%

n=15 NR
34.6
(6.6)

15
(100%)

0 (0%) 0 (0%) 7.2 (3.2)

Verallo-Rowell et
al. [27]

Azelaic acid
20%

n=77 37 (48.1%) NR
43
(55.8%)

0 (0%)
34
(44.2%)

NR

Hydroquinone
2%

n=78 41 (52.6%) NR
38
(48.7%)

0 (0%)
39
(50%)

NR

TABLE 2: Baseline characteristics of the included studies.
[24-28, 35]
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FIGURE 2: Risk of bias graph of the included studies.
[24-28, 35]

MASI

The overall MD of MASI favored the azelaic acid group over the hydroquinone group as the improvement
was statistically significant and more obvious in the azelaic acid group [MD= -1.23, 95% CI (-2.05, -0.400,
P=0.004], Figure 3. The pooled studies were homogenous (P=0.22; I2=32%).

FIGURE 3: Meta-analysis of the mean change of Melasma Area Severity
Index (MASI).

Improvement via Objective Response Scale

The overall RR for Improvement via the objective response scale did not favor either of the two groups. For
excellent objective response, [RR= 1.00, 95% CI (0.86 to 1.15), P=0.98]; for a good objective response, [RR=
0.74, 95% CI (0.50 to 1.08), P=0.12]; for a fair objective response, [RR= 1.13, 95% CI (0.81 to 1.56), P=0.47];
and for poor objective response, [RR= 1.11, 95% CI (0.95 to 1.31), P=0.18], Figure 4. However, there was a
trend towards having more good responses in the azelaic acid group and more poor responses in the
hydroquinone group, despite being non-statistically significant. The pooled studies were not homogenous
for all response subgroups, with significantly high heterogeneity (P<0.1; I2>50%).
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FIGURE 4: Meta-analysis of the improvement via objective response
scale.

Reduction in Pigmentation

The overall RR for the reduction in pigmentation did not favor either of the two groups for all subgroups. For
reduction in pigmentation by < one level, [RR= 0.53, 95% CI (0.06 to 4.46), P=0.56]; for the reduction in
pigmentation by one level, [RR= 1.13, 95% CI (0.89 to 1.44), P=0. 32]; for the reduction in pigmentation by
two levels, [RR= 1.06, 95% CI (0.54 to 2.06), P=0.87]; and for the reduction in pigmentation by three levels,
[RR= 0.96, 95% CI (0.38 to 2.45), P=0.93], Figure 5. The pooled studies were not homogenous for all
subgroups, with significant high heterogeneity (P<0.1; I2>50%), except for the reduction in pigmentation by
one level subgroup, which was homogenous (P=0.79; I2=0%).
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FIGURE 5: Meta-analysis of reduction in pigmentation.

Adverse Events

The pooled RR for the adverse events did not favor either of the two groups, Figure 6. For local irritation,
[RR= 2.23, 95% CI (0.44 to 11.33), P=0.33]; for itching, [RR= 2.73, 95% CI (0.03 to 245.21), P=0.66]; and for
scaling, [RR= 3.32, 95% CI (0.52 to 21.15), P=0.20}, Figure 6. The pooled studies were not homogenous for all,
with significant high heterogeneity (P<0.1; I2>50%), except for the scaling subgroup, which was
homogenous (P=0.52; I2=0%).

FIGURE 6: Meta-analysis of adverse events after treatment.

Discussion
Significance of the Study and Summary of Findings

To the best of our knowledge, this is the first systematic review and meta-analysis that compares azelaic
acid and hydroquinone in treating patients with melasma. The superiority of azelaic acid or hydroquinone in
treating melasma has been the subject of conflicting research in the past. Therefore, performing a thorough
meta-analysis can enhance understanding of the information at hand and guide clinical judgment. Our
analysis of the six included studies revealed that azelaic acid outperformed hydroquinone in terms of
improving MASI scores. However, there was no discernible difference between the two treatment groups
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when we looked at the objective response scale and pigmentation decrease, despite the existence of a trend
towards having more good responses in the azelaic acid group and more poor responses in the hydroquinone
group. In addition, the two interventions were comparable regarding the adverse events reported.

Explanation of the Finding

The recent evidence suggests that networks of cellular interactions between keratinocytes, fibroblasts, and
mast cells play a key role in the melasma [36] and that cumulative sun exposure leads to a change in
pigmentation in a microenvironment of cutaneous photoaging in which inflammatory cells, particularly
mast cells, infiltrate the dermis [36-38]. Therefore, azelaic acid, which was used as an adjuvant agent in
treating melanoma because of its cytotoxic and anti-proliferative properties on the abnormal melanocytes
[39,40], is also considered a depigmenting drug in melasma [41,42]. By inhibiting the tyrosinase activity,
azelaic acid diminishes the formation of aberrant melanocytes, and it also has anti-inflammatory
characteristics, making it an appealing alternative for melasma therapy [21-23] because the inflammatory
cells and inflammation play a crucial role in the pathogenesis of melasma [37,38].

On the other hand, since 1950, hydroquinone has been a component of over-the-counter skin-lightening
cosmetics, and since 1960, it has also been a component of medicinal products [43,44]. Because of side
effects such as leukoderma-en-confetti, occupational vitiligo, and exogenous ochronosis, hydroquinone has
been prohibited from use in cosmetic skin-lightening formulations in countries of the European Union since
2001 [45,46]. However, recent evidence indicates that additional potential long-term impacts, like
carcinogenesis, may also be anticipated [47]. The majority of carcinogenesis is caused by hydroquinone
metabolites that are produced in the liver [47]. Although no research has yet shown that its application to
the skin causes carcinogenesis, we should be aware of this possible risk [45-47].

Although hydroquinone primarily acts by suppressing tyrosinase activity, it has little effect on inflammation
[48]. Therefore, azelaic acid's dual mode of action may give a more comprehensive treatment approach for
melasma, with better results than hydroquinone alone, as observed in this study.

Implications of These Findings in Practice

The clinical ramifications of our findings are significant. To begin, azelaic acid's higher efficacy in improving
MASI scores implies that it may be an effective treatment option for people with melasma. Clinicians may
add azelaic acid into their treatment protocols as a monotherapy or in conjunction with other medications,
such as oral tranexamic acid [24], depending on the needs and features of the individual patient. Second, the
finding that azelaic acid has a better safety profile than hydroquinone suggests that it may be especially
suitable for individuals susceptible to skin irritation or concerned about hydroquinone's potential adverse
effects.

Strength Points and Limitations

This research has various strengths, including the fact that it is the first and most comprehensive meta-
analysis comparing the safety and effectiveness of azelaic acid to hydroquinone. In order to verify that the
articles selected for our analysis were of high quality and comparable, we also used stringent inclusion and
exclusion criteria. Since we included studies that were published in all languages and translated them into
English before collecting the data, we did not restrict the language of the published publications either. This
meta-analysis does have some limitations, most notably the very small sample sizes of the included
publications (only six), which may restrict the generalizability of our results. Additionally, not all trials
reported every relevant outcome.

Recommendations for Future Research

First, conducting well-designed RCTs with bigger sample sizes will give more robust evidence of the efficacy
and safety of azelaic acid over hydroquinone in treating melasma. These studies should also attempt to
include a different patient population to improve the generalizability of the results. Second, long-term
follow-up studies are required to assess the durability of therapy effects as well as the possibility of relapse.
Furthermore, more studies should be conducted to determine the best treatment duration and maintenance
measures for sustaining the effects of azelaic acid therapy. Finally, combining azelaic acid with additional
drugs or techniques or comparing it with other therapies of melasma, not only hydroquinone, may provide
valuable insights into potential synergistic effects and improve treatment outcomes in melasma.

Conclusions
We conclude that azelaic acid may be better than hydroquinone in reducing melasma severity as measured
by the MASI. However, no significant difference between both treatments regarding the side effects. To
validate these results and optimize treatment regimens for melasma, however, further study is necessary
with bigger sample sizes and long-term follow-up. When choosing therapy for melasma, clinicians should
consider the patient's traits and preferences in addition to the treatment's effectiveness, safety, and possible
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long-term results.

Additional Information
Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Authors contribution: Wardah Albzea, Rahf AlRashidi, Danah Alkandari, Moudhi Sadan, Abdulaziz
Alkandari, Jaber J. AlKanderi, Maisem T. AlHajri, Saad N. Almutairi, Athbi alenzi, Shahad Alanazi, Safenaz
Al-Qurashi, Raghad Alhajaji and Ahmad Al Shami: contributed to the literature review, data collection, data
interpretation, and manuscript revision for intellectual and editorial comments. All authors read and
approved the final draft of the manuscript. The authors would like to thank Omar Elsayed for helping in
preparing the first draft of this manuscript.

References
1. Handel AC, Miot LD, Miot HA: Melasma: a clinical and epidemiological review . An Bras Dermatol. 2014,

89:771-82. 10.1590/abd1806-4841.20143063
2. Majid I, Aleem S: Melasma: update on epidemiology, clinical presentation, assessment, and scoring . Journal

of Skin and Stem Cell. 2022, 8:.. 10.5812/jssc.120283
3. Guinot C, Cheffai S, Latreille J, et al.: Aggravating factors for melasma: a prospective study in 197 Tunisian

patients. J Eur Acad Dermatol Venereol. 2010, 24:1060-9. 10.1111/j.1468-3083.2010.03592.x
4. Putra IB, Jusuf NK, Dewi NK: Skin changes and safety profile of topical products during pregnancy . J Clin

Aesthet Dermatol. 2022, 15:49-57.
5. Freitag FM, Cestari TF, Leopoldo LR, Paludo P, Boza JC: Effect of melasma on quality of life in a sample of

women living in southern Brazil. J Eur Acad Dermatol Venereol. 2008, 22:655-62. 10.1111/j.1468-
3083.2007.02472.x

6. Jiang J, Akinseye O, Tovar-Garza A, Pandya AG: The effect of melasma on self-esteem: a pilot study . Int J
Womens Dermatol. 2018, 4:38-42. 10.1016/j.ijwd.2017.11.003

7. Levy LL, Emer JJ: Emotional benefit of cosmetic camouflage in the treatment of facial skin conditions:
personal experience and review. Clin Cosmet Investig Dermatol. 2012, 5:173-82. 10.2147/CCID.S33860

8. Huerth KA, Hassan S, Callender VD: Therapeutic insights in melasma and hyperpigmentation management .
J Drugs Dermatol. 2019, 18:718-29.

9. Mpofana N, Chibi B, Visser T, et al.: Treatment of melasma on darker skin types: a scoping review .
Cosmetics. 2023, 10:.. 10.3390/cosmetics10010025

10. Piętowska Z, Nowicka D, Szepietowski JC: Understanding melasma-how can pharmacology and cosmetology
procedures and prevention help to achieve optimal treatment results? A narrative review. Int J Environ Res
Public Health. 2022, 19:10.3390/ijerph191912084

11. Grimes PE, Ijaz S, Nashawati R, Kwak D: New oral and topical approaches for the treatment of melasma . Int
J Womens Dermatol. 2019, 5:30-6. 10.1016/j.ijwd.2018.09.004

12. Xu P, Wu Y, Zhou L, et al.: Platelet-rich plasma accelerates skin wound healing by promoting re-
epithelialization. Burns Trauma. 2020, 8:tkaa028. 10.1093/burnst/tkaa028

13. Peng GL: Platelet-rich plasma for skin rejuvenation: facts, fiction, and pearls for practice . Facial Plast Surg
Clin North Am. 2019, 27:405-11. 10.1016/j.fsc.2019.04.006

14. Albazee E, Diab S, Awad AK, Aboeldahab H, Abdella WS, Abu-Zaid A: The analgesic and anti-haemorrhagic
efficacy of platelet-rich plasma in tonsillectomy: a systematic review and meta-analysis of randomised
controlled trials. Clin Otolaryngol. 2023, 48:1-9. 10.1111/coa.13977

15. Albazee E, Al-Rshoud F, Almahmoud L, Al Omari B, Alnifise M, Baradwan S, Abu-Zaid A: Platelet-rich
plasma for the management of intrauterine adhesions: a systematic review and meta-analysis of
randomized controlled trials. J Gynecol Obstet Hum Reprod. 2022, 51:102276. 10.1016/j.jogoh.2021.102276

16. Zhao L, Hu M, Xiao Q, Zhou R, Li Y, Xiong L, Li L: Efficacy and safety of platelet-rich plasma in melasma: a
systematic review and meta-analysis. Dermatol Ther (Heidelb). 2021, 11:1587-97. 10.1007/s13555-021-
00575-z

17. Mahajan VK, Patil A, Blicharz L, et al.: Medical therapies for melasma. J Cosmet Dermatol. 2022, 21:3707-28.
10.1111/jocd.15242

18. Mahjour M, Banihashemi M, Rakhshandeh H, Vakili V, Khoushabi A, Kakhki MT: A triple-blind, randomized
trial of a traditional compound as compared to 4% hydroquinone in melasma. J Herb Med. 2020, 19:..
10.1016/j.hermed.2019.100308

19. González-Molina V, Martí-Pineda A, González N: Topical treatments for melasma and their mechanism of
action. J Clin Aesthet Dermatol. 2022, 15:

20. Liyanage A, Liyanage G, Sirimanna G, Schürer N: Comparative study on depigmenting agents in skin of
color. J Clin Aesthet Dermatol. 2022, 15:12-7.

21. Yu JS, Kim AK: Effect of combination of taurine and azelaic acid on antimelanogenesis in murine melanoma
cells. J Biomed Sci. 2010, 17 Suppl 1:S45. 10.1186/1423-0127-17-S1-S45

22. Spaggiari C, Annunziato G, Spadini C, Montanaro SL, Iannarelli M, Cabassi CS, Costantino G: Extraction and

2023 Albzea et al. Cureus 15(7): e41796. DOI 10.7759/cureus.41796 11 of 12

https://dx.doi.org/10.1590/abd1806-4841.20143063
https://dx.doi.org/10.1590/abd1806-4841.20143063
https://dx.doi.org/10.5812/jssc.120283
https://dx.doi.org/10.5812/jssc.120283
https://dx.doi.org/10.1111/j.1468-3083.2010.03592.x
https://dx.doi.org/10.1111/j.1468-3083.2010.03592.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8884185/
https://dx.doi.org/10.1111/j.1468-3083.2007.02472.x
https://dx.doi.org/10.1111/j.1468-3083.2007.02472.x
https://dx.doi.org/10.1016/j.ijwd.2017.11.003
https://dx.doi.org/10.1016/j.ijwd.2017.11.003
https://dx.doi.org/10.2147/CCID.S33860
https://dx.doi.org/10.2147/CCID.S33860
https://pubmed.ncbi.nlm.nih.gov/31424704/
https://dx.doi.org/10.3390/cosmetics10010025
https://dx.doi.org/10.3390/cosmetics10010025
https://dx.doi.org/10.3390/ijerph191912084
https://dx.doi.org/10.3390/ijerph191912084
https://dx.doi.org/10.1016/j.ijwd.2018.09.004
https://dx.doi.org/10.1016/j.ijwd.2018.09.004
https://dx.doi.org/10.1093/burnst/tkaa028
https://dx.doi.org/10.1093/burnst/tkaa028
https://dx.doi.org/10.1016/j.fsc.2019.04.006
https://dx.doi.org/10.1016/j.fsc.2019.04.006
https://dx.doi.org/10.1111/coa.13977
https://dx.doi.org/10.1111/coa.13977
https://dx.doi.org/10.1016/j.jogoh.2021.102276
https://dx.doi.org/10.1016/j.jogoh.2021.102276
https://dx.doi.org/10.1007/s13555-021-00575-z
https://dx.doi.org/10.1007/s13555-021-00575-z
https://dx.doi.org/10.1111/jocd.15242
https://dx.doi.org/10.1111/jocd.15242
https://dx.doi.org/10.1016/j.hermed.2019.100308
https://dx.doi.org/10.1016/j.hermed.2019.100308
https://jcadonline.com/topical-treatments-melasma-mechanism-of-action/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8884189/
https://dx.doi.org/10.1186/1423-0127-17-S1-S45
https://dx.doi.org/10.1186/1423-0127-17-S1-S45


quantification of azelaic acid from different wheat samples (triticum durum desf.) and evaluation of their
antimicrobial and antioxidant activities. Molecules. 2023, 28: 10.3390/molecules28052134

23. Chang TS: Natural melanogenesis inhibitors acting through the down-regulation of tyrosinase activity .
Materials (Basel). 2012, 5:1661-85. 10.3390/ma5091661

24. Akl EM: Liposomal azelaic acid 20% cream vs hydroquinone 4% cream as adjuvant to oral tranexamic acid in
melasma: a comparative study. J Dermatolog Treat. 2022, 33:2008-13. 10.1080/09546634.2021.1905765

25. Baliña LM, Graupe K: The treatment of melasma. 20% azelaic acid versus 4% hydroquinone cream . Int J
Dermatol. 1991, 30:893-5. 10.1111/j.1365-4362.1991.tb04362.x

26. Bahadori M, Eshghi G, Khezrian L, Seifrabiei M: Comparative study of thrapeutic effcts of%20 azelaic acid
and %4 hydroquinone cream in treatment of melasma. Avicenna J Clin Med. 2017, 23:300-5.
10.21859/hums-230411

27. Verallo-Rowell VM, Verallo V, Graupe K, Lopez-Villafuerte L, Garcia-Lopez M: Double-blind comparison of
azelaic acid and hydroquinone in the treatment of melasma. Acta Derm Venereol Suppl (Stockh). 1989,
143:58-61. 10.2340/000155551435861

28. Emad M, Moezzi J, Dastgheib L: Therapeutic efficacy of a cream based azelaic acid 20% versus hydroquinone
4% in patients with melasma. Iran J Dermatol. 2013, 16:

29. Page MJ, McKenzie JE, Bossuyt PM, et al.: The PRISMA 2020 statement: an updated guideline for reporting
systematic reviews. BMJ. 2021, 372:n71. 10.1136/bmj.n71

30. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, Welch VA: Cochrane handbook for
systematic reviews of interventions version 6.2 . Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page
MJ, Welch VA (ed): John Wiley & Sons, Chichester (UK); 2021.

31. Sterne JA, Savović J, Page MJ, et al.: RoB 2: a revised tool for assessing risk of bias in randomised trials . BMJ.
2019, 366:l4898. 10.1136/bmj.l4898

32. DerSimonian R, Laird N: Meta-analysis in clinical trials. Control Clin Trials. 1986, 7:177-88. 10.1016/0197-
2456(86)90046-2

33. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis detected by a simple, graphical test .
BMJ. 1997, 315:629-34. 10.1136/bmj.315.7109.629

34. Terrin N, Schmid CH, Lau J, Olkin I: Adjusting for publication bias in the presence of heterogeneity . Stat
Med. 2003, 22:2113-26. 10.1002/sim.1461

35. Farshi S: Comparative study of therapeutic effects of 20% azelaic acid and hydroquinone 4% cream in the
treatment of melasma. J Cosmet Dermatol. 2011, 10:282-7. 10.1111/j.1473-2165.2011.00580.x

36. Hernández-Barrera R, Torres-Alvarez B, Castanedo-Cazares JP, Oros-Ovalle C, Moncada B: Solar elastosis
and presence of mast cells as key features in the pathogenesis of melasma. Clin Exp Dermatol. 2008, 33:305-
8. 10.1111/j.1365-2230.2008.02724.x

37. Espósito AC, Cassiano DP, da Silva CN, et al.: Update on melasma-part I: pathogenesis . Dermatol Ther
(Heidelb). 2022, 12:1967-88. 10.1007/s13555-022-00779-x

38. Artzi O, Horovitz T, Bar-Ilan E, et al.: The pathogenesis of melasma and implications for treatment . J
Cosmet Dermatol. 2021, 20:3432-45. 10.1111/jocd.14382

39. Nazzaro-Porro M, Zina G, Breathnach A, Passi S, Bernengo A, Gallagher S, Morpurgo G: Effect of azelaic
acid on human malignant melanoma. Lancet. 1980, 1:1109-11. 10.1016/S0140-6736(80)91555-X

40. Breathnach AS: Azelaic acid: potential as a general antitumoural agent . Med Hypotheses. 1999, 52:221-6.
10.1054/mehy.1997.0647

41. Gupta AK, Gover MD, Nouri K, Taylor S: The treatment of melasma: a review of clinical trials . J Am Acad
Dermatol. 2006, 55:1048-65. 10.1016/j.jaad.2006.02.009

42. Bandyopadhyay D: Topical treatment of melasma. Indian J Dermatol. 2009, 54:303-9. 10.4103/0019-
5154.57602

43. Juliano CCA: Spreading of dangerous skin-lightening products as a result of colourism: a review . Appl Sci.
2022, 12:3177. 10.3390/APP12063177

44. Burger P, Landreau A, Azoulay S, Michel T, Fernandez X: Skin whitening cosmetics: feedback and challenges
in the development of natural skin lighteners. Cosmetics. 2016, 3:36. 10.3390/COSMETICS3040036

45. O'Donoghue JL: Hydroquinone and its analogues in dermatology - a risk-benefit viewpoint . J Cosmet
Dermatol. 2006, 5:196-203. 10.1111/j.1473-2165.2006.00253.x

46. Westerhof W, Kooyers TJ: Hydroquinone and its analogues in dermatology - a potential health risk . J Cosmet
Dermatol. 2005, 4:55-9. 10.1111/j.1473-2165.2005.40202.x

47. McGregor D: Hydroquinone: an evaluation of the human risks from its carcinogenic and mutagenic
properties. Crit Rev Toxicol. 2007, 37:887-914. 10.1080/10408440701638970

48. Pillaiyar T, Manickam M, Namasivayam V: Skin whitening agents: medicinal chemistry perspective of
tyrosinase inhibitors. J Enzyme Inhib Med Chem. 2017, 32:403-25. 10.1080/14756366.2016.1256882

2023 Albzea et al. Cureus 15(7): e41796. DOI 10.7759/cureus.41796 12 of 12

https://dx.doi.org/10.3390/molecules28052134
https://dx.doi.org/10.3390/molecules28052134
https://dx.doi.org/10.3390/ma5091661
https://dx.doi.org/10.3390/ma5091661
https://dx.doi.org/10.1080/09546634.2021.1905765
https://dx.doi.org/10.1080/09546634.2021.1905765
https://dx.doi.org/10.1111/j.1365-4362.1991.tb04362.x
https://dx.doi.org/10.1111/j.1365-4362.1991.tb04362.x
https://dx.doi.org/10.21859/hums-230411
https://dx.doi.org/10.21859/hums-230411
https://dx.doi.org/10.2340/000155551435861
https://dx.doi.org/10.2340/000155551435861
http://www.iranjd.ir/article_98178_a22323a177e03c1d533f8b1eaea778d6.pdf
https://dx.doi.org/10.1136/bmj.n71
https://dx.doi.org/10.1136/bmj.n71
https://training.cochrane.org/handbook
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1136/bmj.l4898
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1016/0197-2456(86)90046-2
https://dx.doi.org/10.1136/bmj.315.7109.629
https://dx.doi.org/10.1136/bmj.315.7109.629
https://dx.doi.org/10.1002/sim.1461
https://dx.doi.org/10.1002/sim.1461
https://dx.doi.org/10.1111/j.1473-2165.2011.00580.x
https://dx.doi.org/10.1111/j.1473-2165.2011.00580.x
https://dx.doi.org/10.1111/j.1365-2230.2008.02724.x
https://dx.doi.org/10.1111/j.1365-2230.2008.02724.x
https://dx.doi.org/10.1007/s13555-022-00779-x
https://dx.doi.org/10.1007/s13555-022-00779-x
https://dx.doi.org/10.1111/jocd.14382
https://dx.doi.org/10.1111/jocd.14382
https://dx.doi.org/10.1016/S0140-6736(80)91555-X
https://dx.doi.org/10.1016/S0140-6736(80)91555-X
https://dx.doi.org/10.1054/mehy.1997.0647
https://dx.doi.org/10.1054/mehy.1997.0647
https://dx.doi.org/10.1016/j.jaad.2006.02.009
https://dx.doi.org/10.1016/j.jaad.2006.02.009
https://dx.doi.org/10.4103/0019-5154.57602
https://dx.doi.org/10.4103/0019-5154.57602
https://dx.doi.org/10.3390/APP12063177
https://dx.doi.org/10.3390/APP12063177
https://dx.doi.org/10.3390/COSMETICS3040036
https://dx.doi.org/10.3390/COSMETICS3040036
https://dx.doi.org/10.1111/j.1473-2165.2006.00253.x
https://dx.doi.org/10.1111/j.1473-2165.2006.00253.x
https://dx.doi.org/10.1111/j.1473-2165.2005.40202.x
https://dx.doi.org/10.1111/j.1473-2165.2005.40202.x
https://dx.doi.org/10.1080/10408440701638970
https://dx.doi.org/10.1080/10408440701638970
https://dx.doi.org/10.1080/14756366.2016.1256882
https://dx.doi.org/10.1080/14756366.2016.1256882

	Azelaic Acid Versus Hydroquinone for Managing Patients With Melasma: Systematic Review and Meta-Analysis of Randomized Controlled Trials
	Abstract
	Introduction And Background
	Review
	Methods
	Results
	FIGURE 1: PRISMA flow chart for the selection process.
	TABLE 1: Summary of the included studies.
	TABLE 2: Baseline characteristics of the included studies.
	FIGURE 2: Risk of bias graph of the included studies.
	FIGURE 3: Meta-analysis of the mean change of Melasma Area Severity Index (MASI).
	FIGURE 4: Meta-analysis of the improvement via objective response scale.
	FIGURE 5: Meta-analysis of reduction in pigmentation.
	FIGURE 6: Meta-analysis of adverse events after treatment.

	Discussion

	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


